INTRODUCTION
The use of hydrogels as biomaterials has recently gained great importance in view of the low toxicity and high biocompatibility [1, 2] . One of the advantages of the hydrogels lies in their capability of undergoing a first order phase transition under the change of some external parameters such as pH, temperature, ionic strength, and electric fields [3, 4] . The smart polymers have vast potential applications in pharmaceutical technology and the biotechnology industry. Drugs loaded directly into the swollen Poly(N isopropylacry lamide) hydrogels were found to release quickly due to the swollen and porous PNIPAAm network [5] [6] [7] [8] .
PNIPAAm hydrogels are attracting more and more interest in biomedical applications because they undergo a sharp volume transition in water around 32-34°C, which is close to the body temperature [9] [10] [11] [12] . PNIPAAm hydrogels swell when cooled below this critical temperature and they shrink as the tem perature is raised. In more recent years, the progress in the development of new hydrogels based on poly(N vinyl 2 pyrrolidone) (PVP) and its copolymers can be 1 The article is published in the original.
observed [5, 6, 13, 14] . This interest is associated with unique properties of PVP systems. For example, they can form reversible association complexes with some reactive compounds and improve drug dissolution rate [7, 8] . A new drug delivery system for prolonged drug (insulin) release with temperature sensitivity would be preferable. In this respect, the work intended to develop a temperature sensitive hydrogel networks composed of poly(N isopropylacrylamide) and poly(N vinyl 2 pyrrolidone). Insulin was loaded into NIPAAm/NVP hydrogels directly. Two different crosslinking agents were used to investigate the effect of crosslinker types and functionality on insulin release.
EXPERIMENTAL

Materials
Melamine and acryloyl chloride (AC) were sup plied by Aldrich, USA. Triethylamine (Aldrich, Ger many), 1 methyl 2 pyrrolidone (NMP) (Aldrich, Germany), tetrahydrofuran (THF) (Aldrich, Ger many) and toluene (Aldrich, Germany), were used as received. Insulin standards with M = 5. Abstract-Novel hydrogels based on poly(N isopropylacrylamide co N vinyl 2 pyrrolidone) (PNIPAAm/PNVP), were synthesized by solution radical polymerization using water as solvent and different weight percentage of crosslinkers ranging from 0.5 to 4%. The monomer mol ratios of NIPAAm/VP (0.9/0.1, 0.5/0.5, and 0.1/0.9) were used in all cases. N,N' methylenebisacrylamide (MBA) and the new synthesized N,N,N triacrylamido melamine (MAAm) were used as crosslinkers. The swelling parameters such as the swelling ratio Q, equilibrium water content (EWC), volume fraction of polymer ϕ p and volume fraction at crosslinking ϕ r were calculated from swelling measurements at different temperatures. The lower critical solu tion temperatures (LCST) of the prepared hydrogels were measured using DSC technique. The data of LCST indicated that the NIPAAm/VP crosslinked with MAAm or MBA showed reversible swelling and shrinking with temperature changes. The temperature dependence of swelling ratio and response kinetics upon heating or cooling was also investigated to understand the smart properties, i.e., temperature sensitive properties of these smart hydrogels. The in vitro release experiments were carried out at 22 and 37°C, respectively, to inves tigate the effect of temperature sensitive property of these PNIPAAm/PNVP hydrogels crosslinked with MAAm and MBA crosslinkers on insulin release profiles. DOI: 10.1134/S1560090413040076 
FUNCTIONAL POLYMERS
Synthesis of Crosslinked NIPAAm/VP Copolymers
The crosslinked NIPAAm, VP copolymers were prepared by solution polymerization using water as solvent in the presence of APS (0.02 wt%) as initiator and different weight percentage of MAAm and MBA crosslinkers ranging from 0.5 to 4%. The monomer mol ratios of NIPAAm/VP (0.9/0.1, 0.5/0.5, and 0.1/0.9) were used in all cases. Insulin was used as model for the purpose of the estimation of molecular entrapped into the gels. For such measurements the fully swollen 10% insulin was entrapped in hydrogel according to the total weight of monomers. The copo lymerization reactions were performed in siliconized test tubes under N 2 atmosphere at 65°C for 24 h. The polymer rods were post cured at 110°C in air for 24 h to ensure complete polymerization.
Characterization of Crosslinked NIPAAm/VP
Copolymers The sol fraction percentage (SF, %) in the crosslinked xerogel discs was determined from the weight of the dried gel before and after water Soxhlet extraction during 24 h. SF values are calculated according to the equation: SF = (W 0 -W) × 100/W 0 , where W 0 and W are the weight of the discs before and after extraction, respectively.
The lower critical transition temperatures (LCSTs), of the crosslinked NIPAAm/VP copolymers were measured using differential scanning calorimet ric (DSC) (Du Pont 910 DSC).
Measurement of Swelling Parameters
The xerogel discs having dimensions 5 mm × 11 mm were swelled (after SF extraction) to equilibrium in different pH aqueous solutions at different tempera tures (10-50°C) on both heating and cooling. The swelling ratio Q was obtained as: Q = W h /W x , where W h and W x are the weights of hydrogel and xerogel, respectively. Equilibrium water content (EWC), vol ume fraction of polymer ϕ p and volume fraction at crosslinking ϕ r were calculated from swelling measure ments as described in previous article [15] . EWC val ues are calculated according to the equation: EWC = (W h -W x ) × 100/W h .
Shrinking Kinetics
The temperature response kinetics or shrinking kinetics of NIPAAm/VP samples was measured gravi metrically at 48°C. This temperature was well above the LCST of NIPAAm/VP samples so that dramatic shrinkage in volume or discontinuous phase separa tion could be attained within a short time. The NIPAAm/VP samples were first immersed in distilled water at room temperature till it reached equilibrium. The equilibrated NIPAAm/VP samples were then quickly transferred to hot water at 48°C. At every par ticular time interval, the samples were removed from the hot water and weighted after wiping off the excess water on the surface with a wet filter paper. Water retention WR was defined as follows:
× 100/W e , where W t is weight of gel at regular time intervals, W d is weight of the xerogel and W e is weight of water in hydrogels at deswelling equilibrium at a particular temperature.
Swelling Kinetics
The swollen NIPAAm/VP samples were first immersed in the hot water (48°C) for about 2 h, and then the partly shrunk NIPAAm/VP samples were fur ther dried in a vacuum oven at 55°C overnight till the sample reached constant weight. The dried samples were immersed in distilled water at 22°C and removed from water at regular time intervals. After wiping off the water on the surfaces of the samples with wet filter papers, the weights of hydrogels were recorded and the water uptake W U is defined as follows, W U = [W t -W d ] × 100/W e , where the symbols are the same as above.
Phase Transition Determination, LCST Determination
The LCST behavior of the prepared hydrogels was determined using differential scanning calorimetric (DSC) (Du Pont 910 DSC). Before the measurement, gels were first immersed in deionized water before they were transferred to insulin to simulate insulin loading and release processes. Thermal analyses of these gels were carried out with deionized water as reference at a heating rate of 10 grad/min under dry nitrogen atmo sphere and calorimetry scans were carried out from 25 to 60°C.
